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20.  Abstract 


Pursuant  to  Public  Law  92-367,  Phase  I Inspection  Reports  are  prepared 
under  guidance  contained  in  the  recommended  guidelines  for  safety 
inspection  of  dams,  published  by  the  Office  of  Chief  of  Engineers, 
Washington,  D.  C.  2031^.  ’The  purpose  of  a Phase  I investigation  is 
to  identify  expeditiously  those  dams  which  may  pose  hazards  to  human 
life  or  property.  The  assessment  of  the  general  conditions  of  the  dam 
is  based  upon  available  data  and  visual  inspections.  Detailed 
investigation  and  analyses  involving  topographic  mapping,  subsurface 
investigations,  testing,  and  detailed  computational  evaluations  are 
beyond  the  scope  of  a Phase  I investigation;  however,  the 
investigation  is  intended  to  identify  anv  need  for  such  studies. 

Based  upon  the  field  conditions  at  the  time  of  the  field  inspection 
and  all  available  engineering  data,  the  Phase  I report  addresses  the 
hydraulic,  hydrologic,  geologic,  geotechnic,  and  structural  aspects  of 
the  dam.  The  engineering  techniques  employed  give  a reasonably 
accurate  assessment  of  the  conditions  of  the  dam.  It  should  be 
realized  that  certain  engineering  aspects  cannot  be  fully  analyzed 
during  a Phase  I inspection.  Assessment  and  remedial  measures  in  the 
report  .include  the  requirements  of  additional  indepth  study  when 
necessary. 

Phase  I reports  include  project  information  of  the  dam  and 
appurtenances,  all  existing  engineering  data,  operational  procedures, 
hydraulic/hydrologic  data  of  the  watershed,  dam  stability,  visual 
inspection  report  and  an  assessment  including  required  remedial 
measures. 
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Mountain  Run  No.  18  is  an  eart’nfill  structure  1,000  feet  long  and  38.5 
feet  high.  The  principal  spillway  consists  of  a drop  inlet  to  a 
30-inch  diameter  reinforced  concrete  pipe  running  through  the  dam  at  a 
low  level.  The  emergency  spillway  is  a 150-foot  wide  vegetated  earth 
side  channel  spillway.  The  dam  is  located  on  Balls  Run  about  3/4 
miles  north  of  Culpeper,  Virginia.  The  dam  was  designed  and 
constructed  under  the  supervision  of  the  U.  S.  Soil  Conservation 
Service  and  is  presently  owned  by  Mr.  John  H.  Harlow,  Route  1,  Box  18, 
Culpeper,  Virginia  22701. 

The  spillway  will  pass  the  Probable  Maximum  Flood  (PMF). 

Therefore,  based  on  criteria  established  by  the  Department  of  the 
Army,  Office  of  the  Chief  of  Engineers  (OCE),  the  spillway  is 
considered  to  be  adequate. 

The  visual  inspection  revealed  no  apparent  problems  and  there  are 
no  immediate  needs  for  remedial  measures.  The  slopes  of  the  dam  meet 
the  requirement  recommended  by  the  U.  S.  Bureau  of  Reclamation  for 
zoned  earth  fill  dams.  The  actual  embankment  structure  appears  to  be 
similar  to  the  "as-built"  drawings.  The  dam  is  adequate  for  normal 
pool  operation,  but  the  check  on  slope  stability  under  the  full 
loading  conditions  cannot  be  made  without  construction  records  and 
calculations. 
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EMBANKMENT 


MOUNTAIN  RUN  NO.  18 


SKCTION  1 - PROJECT  INFORMATION 


1 . 1  Ceneral  : 


1.1.1  Authority : Public  Law  92-867,  8 August  1972,  authorized 
the  Secretary  of  the  Army,  through  the  Corps  of  Engineers  to  initiate 

i national  program  of  safety  inspection.',  of  dams  throughout  the  United 
States.  The  Norfolk  District  has  been  assigned  the  responsibility  of 
so.pervising  the  inspection  of  dams  in  the  Commonwealth  of  Virgi  lia. 

1.1.2  Purpose  of  Inspection:  The  purpose  is  to  conduct  a Phase  I 
inspection  according  to  the  Recommended  Guidelines  for  Safety 
Inspection  of  Dams  (See  Reference  1,  Appendix  VII).  The  main 
responsibility  is  to  expeditiously  identify  those  dams  which  may  be  a 
potential  hazard  to  human  life  or  property. 

1 . 2 Project  Description: 

1.2.1  Dam  and  Appurtenances:  Mountain  Run  Dam  No.  18  is  an 
earth-fill  structure  about  1,000  feet  long  and  38.5  feet  high.  The 
top  of  the  dam  is  14  feet  wide  and  is  at  elevation  397.2  feet  m.s.l. 
Side  slopes  are  2.5  horizontal  to  1 vertical  (2.5:1). 

The  principal  spillway  consists  of  a 30-inch  diameter  reinforced 
concrete  pipe,  running  through  the  dam  at  a low  level.  This  pipe  is 
served  by  a drop-inlet  structure  (riser)  located  in  a low  elevation  of 
the  reservoir  just  upstream  from  the  heel  of  the  embankment.  The 
crest  of  the  riser  is  at  elevation  376.5.  A concrete  outlet  structure 
is  provided  at  the  downstream  end  of  the  principal  spillway  so 
discharges  will  not  jeopardize  the  structural  integrity  of  the  dam. 

The  emergency  spillway  is  a vegetated  earth  side-channel  spillway 
located  off  the  north  end  of  the  dam.  It  has  a bottom  width  of  about 
150  feet  with  a crest  at  elevation  388.5  and  side  slopes  of  3:1. 
Selected  topsoil  is  placed  in  4"  thicknesses  on  the  side  slopes  and  on 
the  bottom  of  the  spillway.  The  topsoil  is  well  compacted  on  the 
bottom  of  the  spillway. 

A 30-inch  gated  inlet  with  invert  at  a low  level  enters  the 
upstream  side  of  the  riser  from  the  reservoir.  This  permits 
withdrawal  of  water  from  the  bottom  of  the  reservoir. 

There  are  no  facilities  for  withdrawal  of  water  from  the  reservoir 
for  water  supply  at  this  time. 
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1.2.2  Location:  Mountain  Run  Dam  No.  '8  is  located  on  Sails  Run 
about  3/4  mile  iip«lcv-im  from  Culpeper,  V- . The  reservoir  form  -.1  by 
the  dam  is  known  locally  as  Ball  Run. 

1.2.3  Size  Classification:  The  dam  is  classified  as  an 
"intermediate"  size  structure  because  of  its  maximum  storage  potential 
of  2,290  acre-feet. 

1.2.4  Hazard  Classification:  The  dam  is  located  in  an  urban  area 
and  is  therefore  given  a high  hazard  classification  in  accordance  with 
guidelines  contained  in  Section  2.1.2  of  Reference  1,  Appendix  VII. 

The  hazard  classification  used  to  categorize  dams  is  a function  of 
location  only  and  has  nothing  to  do  with  its  stability  or  probability 
of  failure. 

1.2.5  Ownership:  Mr.  Charles  H.  Harlow 

Route  1,  Box  18 
Culpeper,  Virginia  22701 

1.2.6  Purpose : Flood  Control  and  water  supply. 

1.2.7  Design  and  Construction  History:  The  dam  was  designed  and 
constructed  under  the  supervision  of  the  U.S.  Soil  Conservation 
Service.  Construction  was  completed  in  1973. 

1.2.8  Normal  Operational  Procedures:  Operation  of  the  project  is 
automatic.  The  principal  spillway  is  ungated,  therefore  water  rising 
above  the  crest  of  the  drop  inlet  is  automatically  passed  downstream. 
Similarly  water  is  automatically  passed  through  the  emergency  spillway 
in  the  event  of  an  extreme  flood  which  fills  the  flood  storage  space. 
Water  is  withdrawn  from  the  conservation  storage  space  as  needed  for 
water  supply. 

1 . 3 Pert i nent  Data: 

1.3.1  Drainage  Areas:  The  dam  controls  a drainage  area  of  3.99 
square  miles. 

1.3.2  Discharge  at  Dam  Site: 

Maximum  flood  at  dam  site  not  known. 

Principal  Spillway: 

Pool  level  at  emergency  spillway  crest  ....  108  c.f.s. 

Emergency  Spillway: 


Pool  level  at  top  of  dam 12,340  c.f.s. 
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1.3.3  Dam  and  Reservoir  Data:  Pertinent  data  on  the  dam  and 
.'rvoir  are  shown  in  the  following  table: 


Table  l.l  DAM  AND  RESERVOIR  DATA 


Item 

Elevation 

feet 

m . s . 1 . 

Area 

acres 

feet 

Reservoir 

Capacity 

Watershed 

inches 

Leng 

mil 

Top  of  dam 

Ma x : mum  pool,  design 

397.2 

185 

2290 

10.8 

surcharge 

391.1 

136 

1298 

6.1 

Emergency  spillway  crest 

388.5 

120 

967 

4.5 

Principal  Spillway  crest 
Streambed  at  centerline 

(a)  376.5 

46 

270 

1.3 

0.' 

of  dam 

359± 

0 

0 

0 

(a)  Top  of  conservation  pool  and  bottom  of  flood  control  pool. 


SECTIuM  '>  - ENGINEERING  DAT '1 

2.1  Design:  The  dam  was  designed  and  const:  ac  t.-d  under  the 
direction  of  the  U.S.  Soil  Conservation  Service.  An  -Lui.lt  drawings 
and  complete  design  data  are  available  in  the  off"  -e  of  the  State 
Conservationist,  U.S.  Soil  Conservation  Service,  P.0.  Box  10026, 
(Federal  building,  Room  9201)  Richmond,  Va.  232-10. 

A geologic  (foundation)  investigation  was  conducted  at  the  site  by 
the  SOS  during  the  initial  design  stages.  The  investigation  included 
drilling  11  core  borings  and  excavating  87  test  pits  along  the 
proposed  dam  alignment,  principal  and  emergency  spillways  and  borrows 
areas.  The  core  borings  were  drilled  into  rock  and  pressure  tested 
where  possible.  Multiple  constant  head  field  permeability  tests  were 
also  conducted  in  most  of  the  holes  in  addition  to  the  pressure 
tests.  The  test  pits  were  excavated  with  an  industrial  tractor  to  a 
depth  of  11  feet  or  refusal  on  rock.  Geologic  logs  and  profiles  were 
prepared  from  the  borings  and  test  pits.  A detailed  geologic  report 
with  foundation  recommendations  was  also  prepared  based  on  the 
borings,  test  pits  and  field  tests.  The  profiles  are  shown  as  "as 
built"  drawings  on  plates  III,  IV,  and  VI  of  Appendix  I.  The  geologic 
report  is  inclosed  as  Appendix  IV. 

Referring  to  Plate  IV,  Appendix  I,  the  embankment  structure 
consists  of  a zoned  compacted  earth  dam  with  a 12  ft.  bottom  width 
cutoff  trench  of  variable  depth  extending  into  bedrock.  The  cutoff 
trench  and  the  inner  core  consist  of  mostly  ML  and  some  CL  materials. 
The  outer  shell  of  the  dam  consists  of  SM  and  some  SM-ML  material.  A 
summary  of  the  engineering  properties  of  the  foundation  and  embankment 
materials  determined  by  the  Soil  Conservation  Service  (see  Appendix 
VI)  is  given  in  Table  2.1. 

To  control  the  phreatic  surface  and  to  collect  seepages,  a 
drainage  system  is  located  under  the  downstream  portion  of  the  dam. 

The  drainage  system  consists  cf  a trench  4 feet  wide  filled  with 

graded  filter  material  and  a 6 inch  perforated  pipe.  Depth  of  the 
trench  is  variable  as  indicated  on  Plate  III,  Appendix  I.  An 
interceptive  drain  of  similar  construction  runs  parallel  to  the 
principal  spillway  to  the  plunge  pool. 

The  emergency  spillway,  located  at  the  left  abutment,  is  formed  by 
a cut  into  non  plastic  SM  material. 

The  slope  stability  was  checked  with  the  modified  Swedish  circle 
and  the  sliding  block  methods.  The  conditions  assumed  for  the 
analyses  are  given  in  Section  6 and  Appendix  V.  Only  one  trial 
analysis  was  made  using  each  method  for  the  upstream  slope  and  for  the 
downs tro.im  slope.  The  sliding  block  method  showed  the  lower  factor  of 
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safety  for  both  slopes.  With  full  Irawdown  condition,  the  factor  of 
safety  for  the  upstream  slope  is  2. "5.  The  factor  of  i T -~y  for  the 
downstream  slope  is  2.27  for  the  fu?  • steady  seepage  coal  ion  with 
drain  located  at  c/b  = 0.6.  Corap"  ions  for  the  stability  analyses 
were  not  available. 

No  information  on  settlement  analysis  was  available,  a steep t for  a 
recommendation  of  an  overfill  of  0.6  foot  for  the  embankment  structure 
across  the  floodplain  to  compensate  ror  foundation  and  embankment 
settlement . 

2.2  Construction;  The  construction  records  were  not  furnished  by 
the  SCS  office  in  Richmond,  but  they  are  available  from  the  SCS  office 
in  Washington,  D.  C. 

2.3  Operation:  There  is  no  known  operation  and  instrumentation 
procedure. 

2.4  Evaluation : See  Evaluation  given  in  Section  6.3. 
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Table  2. 1 

SUMMARY  OF  SOU,  ENGINEERING  DATA 


(A)  FOUNDATION  MATERIAL 


Cl ossification 

Con 

T 

l s tency 
ini  ts 

Dry  Unit 

Wt. 

pcf 

Water 

Content 

% 

Strength 

Parameters 

Compressibility 

ft. /ft. 

LL 

% 

pi 

% 

0 

degree 

C 

ps  f 

MH 

59 

19 

62.4 

49.8 

ML 

35-39 

9 

84.2-94.2 

4. 0-7.0 

21* 

300* 

.05 

SC 

26 

12 

117.0 

8.5 

- 

- 

- 

CL 

37 

14 

99.2 

25.9 

20.5* 

1250* 

.01 

SP-SM 

nonplastic 

93.0 

16.0 

34. 5+ 

1000  + 

(B)  EMBANKMENT  MATERIAL 


Compaction 

Properties 

Consistency 

Dry  Unit 

Opt.  Water 

Strength 

Classification  Limits 

Wt. 

Content 

Parameters 

LL  PI 

0 

C 

% % 

pc  f 

% 

degree 

psf 

MH 

59-63  26 

88.0-92.5 

27.0-32.5 

_ 

ML 

22-40  3-7 

98.5-111.0 

14.5-22.5 

- 

- 

**ML 

nonplastic 

95.8 

20.5 

30 

800 

CL 

28  12 

115.5 

14.5 

- 

- 

SM 

nonplast ic 

114.0 

13.5 

— 

— 

* Consol  id. 

ated  Undrained  triaxial  test 

+ Direct  s 

hear  test  (conditions  for  consolidation 

and  drainage  not  given) 

**  Consolidated  Undrained  triaxial  test 

on  sample 

compacted 

to  95%  at 

optimum  moisture  content  and 

soaked  for  : 

seven  days. 
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SECTION  I - VISUAL  INSPECT  TON 


3.1  Fin-lip;;', s:  Field  observin' on  are  outlined  in  Appendix  III.  There  is 
excessive  growth  of  vegetation  on  portions  of  the  embankment , right  abutment, 
at  the  toe  of  the  dam  and  within  the  riprap  in  the  dischorga  channel. 

However,  an  area  on  the  upstream  embankment  as  outlined  in  Appendix  III  and 
noted  in  1975  SCS  annual  inspection  report,  is  thinly  vegetated.  Several 
animal  burrows  were  noted  in  the  embankment.  Also,  the  upstream  embankment 
at  pool  elevation  has  experienced  erosion.  This  erosion  has  also  been 
recorded  in  the  1978  SCS  inspection  report  and  is  outlined  in  Appendix  III. 

An  unimproved  road  traverses  the  emergency  spillway  and  the  crest  of  the 
dam.  Colloidal  sediment  was  evident  in  foundation  drain  pipes.  The  dam  had 
no  staff  gages  or  instrumentation.  There  was  no  access  to  the  riser.  Manual 
controls  were  not  available  to  test  intake  valves  in  the  riser. 

3.2  Evaluation;  Overall,  the  structure  was  in  good  condition  at  the 
time  of  inspection.  However  some  minor  remedial  measures  are  required.  All 
types  of  vegetation  that  have  extensive  root  system  should  be  cleared  from 
the  faces  and  toe  of  dam  and  from  the  ripraps.  The  crest  of  the  dam  should 
be  closed  to  vehicular  traffic  and  the  bare  spots  should  be  reseeded.  In  the 
event  that  the  traffic  cannot  be  successfully  controlled,  the  crest  must  be 
protected  from  erosion  with  a pavement. 
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SECTION  4 - OPERATIONAL  PROCEDURES 


4.1  Pro c e dares ! Op  eration  of  the  project  is  automatic.  The 
30-inch  diameter  principal  spillway  is  ungated,  there  fh>re  water  rising 
above  the  crest  of  the  drop  inlet  is  automatically  passed  downstream. 
This  in  turn  automatically  maintains  the  pool  level  at  or  near 
elevation  377  ft.  MSL  most  of  the  time.  Water  is  automatically  passed 
through  the  rngated  emergency  spillway  in  the  event  of  an  extreme 
flood  which  fills  the  flood  storage  space. 

4.2  Maintenance : Maintenance  of  the  project  consists  mainly  of 
fertilizing,  liming,  and  mowing  the  embankment  and  spillway;  seeding 
and  mulching  bare  areas;  painting  the  trash  racks;  and  repairing 
gullies  that  might  occur.  Maintenance  of  the  downstream  channel 
consists  of  controlling  vegetation  and  removing  any  debris,  bars  or 
other  obstructions. 

4.3  Inspection:  The  project  is  inspected  annually  to  insure 
proper  maintenance.  The  inspection  of  the  dam  is  conducted  as  part  of 
the  Annual  Inspection  of  the  works  of  improvement  in  the  Mountain  Run 
Watershed.  The  inspection  team  consists  of  representatives  from  the 
town  of  Culpeper,  the  U.S.  Soil  Conservation  Service,  the  Virginia 
Soil  Water  Conservation  Commission,  the  Culpeper  Soil  and  Water 
Conservation  District  and  the  Mountain  Run  Watershed  Association. 

4.4  Warning  System:  At  the  present  time,  there  is  no  warning 
system  or  evacuation  plan  in  operation. 
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SECTION  5 - HYDRAULIC /HYDRO LOGIC  DESIGN 


5.1  Design : Th ' 1 1 ovation  of  the  crest  (3/6.5  feet  tn.s.l.)  of 
the  drop  inlet  to  the  principal  spillway  was  established  at  an 
elevation  which  would  provide  the  conserv  itioi:  storage  needed  for 
sediment  deposit  and  water  supply.  The  capacity  (108  c.f.s.  with 

: lervoir  level  at  crest  of  emergency  spillway)  of  the  principal 
spillway  was  established  by  consideration  of  a number  of  factors 
Including  (1)  the  capability  of  evacuating  teas  flood  storage  space 
within  a reasonable  time  (+  10  days),  (2)  not  passing  damaging  flows 
downstream,  and  (3)  the  capability  of  tna  reservoir  to  store  flood 
waters.  The  crest  (elevation  388.5)  of  the  emergency  spillway  was 
established  at  the  maximum  elevation  reached  in  routing  the  principal 
spillway  hydrograph  which  resulted  from  the  100-year  10-day 
rainstorm.  The  elevation  of  the  top  of  the  dam  (elevation  397.2)  was 
established  by  the  maximum  elevation  reached  in  passing  the  freeboard 
hydrograph.  The  freeboard  hydrograph  is  that  computed  from  rainfall 
comparable  to  the  Probable  Maximum  Rainfall  as  used  by  the  Corps  of 
Engineers  and  is  therefore  comparable  to  the  Probable  Maximum  Flood 
(PMF ) . 

5.2  Hydrologic  Records;  None 

5.3  Flood  Experience:  Flooding  during  Hurricane  Agnes  in 
Culpeper  in  June  1972  was  reduced  somewhat  by  this  dam. 

5.4  Flood  Potential:  Design  features  of  the  dam  were  established 
by  routing  various  hydrographs  as  noted  in  paragraph  5.1. 

5.5  Reservoir  Regulation;  Pertinent  dam  and  reservoir  data  are 
shown  in  Table  1.1. 

Except  for  withdrawal  for  water  supply,  regulation  of  flow  from 
the  reservoir  is  automatic.  Water  rising  above  the  crest  of  the  drop 
inlet  flows  into  this  inlet  ar.d  through  the  dam  in  the  30-inch 
concrete  conduit.  Water  also  flows  past  the  dam  over  the  ungated 
emergency  spillway  in  the  event  water  in  the  reservoir  rises  over  the 
crest  of  the  spillway. 

Outlet  discharge  capacity,  reservoir  area  and  storage  capacity 
data,  and  hydrograph  and  routing  determinations  were  obtained  from 
reports  and  computations  furnished  by  the  Soil  Conservation  Service 
(SOS).  The  routing  of  the  emergency  spillway  and  freeboard 
hydrographs  began  with  the  reservoir  level  at  the  crest  of  the 
principal  spillway. 

5.6  Over toppim.;  Potential;  The  probable  rise  in  the  reservoir 
and  other  pertinent  information  on  reservoir  performance  in  various 
hydrographs  is  shown  in  the  following  table: 
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Table  r).  1 RESERVOIR  PERFORMANCE 


Item  Normal 

. :l>’1 

Pr inc i pa ! 
Spillway 
(a) 

'.rograph 

Emergency 

Spillway 

F ree- 
Board 
(b) 

Peak  flow,  c.f.s. 

Inflow  2 

N/A 

7,280 

24 //JO 

Out  f]  ow  2 

108 

1,580 

12,340 

Peal:  elcv.,  ft.  msl  376.5 

388.5 

391.1 

397.2 

Emergency  Spillway 

Depth  of  flow,  ft. 

0 

2.6 

8.7 

Avg.  velocity,  f.p.s.(c)  - 

0 

3.9 

8.1 

Non-overflow  section 

Depth  of  flow,  ft. 

- 

- 

0 

Avg.  velocity,  f.p.s.(c)  - 

(a)  100-year  10-day  volume  produces  the  most  conservatively  large 
indication  of  flood  control  storage  required.  Detailed  discharge 
hydrograph  was  not  determined. 

(b)  Probable  maximum  flood  by  COE  standards. 

5.7  Reservoir  Emptying  Potential:  The  30-inch  conduit  through 
the  dam  at  a low  level  will  permit  withdrawal  of  about  108  c.f.s.  with 
the  reservoir  level  at  the  emergency  spillway  crest  and  essentially 
dewater  the  reservoir  in  about  1 week. 

5.8  Evaluation:  Hydrologic  and  hydraulic  determinations  prepared 
by  the  SCS  as  a basis  for  design  of  the  project  appear  reasonable. 

The  spillway  will  pass  a freeboard  hydrograph  which  is  essentially 
equal  to  the  PMF . The  spillway  is  therefore  considered  to  be  adequate. 


SECTION  6 - DAM  STABILITY 


\ 


6.1  Ron  .d.ition;  Mountain  Run  R ,m  No.  18  is  found'd  na  alluvial, 
terrace  an!  residual  soils  overlyin'  weathered  igneous  uv!  aetamorphic 
bedrock.  A IR-foot  wide  (base)  cutoff  or  core  trend'  keys  the  earth 
embankment  into  weathered  bedrock.  A seepage  drain,  A font  wide,  runs 
approximately  560  feet  along  the  length  of  the  dam  66  feet  downstream 
of  the  centerline.  The  drain  system  is  founded  on  weathered  bedrock 
and  varies  in  thickness  according  to  local  foundation  conditions.  "As 
built"  drawings  of  the  cutoff  trench  and  seepage  drain  on  a geologic 
profile  are  shown  on  plates  III  and  VI  respectively  in  Appendix  I. 

The  remainder  of  this  section  deals  with  describing  the  geologic 
location  of  the  dam  site  and  the  foundation  conditions. 

The  dam  site  is  located  within  the  Piedmont  Plateau  Physiographic 
Province  of  Virginia  which  is  underlain  by  predominately  igneous  and 
metamorphic  rocks  of  Precambian  to  Cambian  age.  A narrow  band  of  much 
younger  sedimentary  rocks  comprising  the  Triassic  Basin  trends 
northeast-southwest  through  much  of  the  Piedmont.  A section  of  the 
basin  cuts  through  the  Culpeper  area.  The  contact  between  the 
sedimentary  rocks  of  the  basin  and  the  older  metamorphic  rocks  to  the 
west  is  a border  thrust  fault  that  intersects  the  City  of  Culpeper. 
Subsequent  thrust  and  transverse  faulting  which  occurred  along  the 
border  area  after  the  basin's  formation  has  greatly  complicated  the 
local  geology. 

The  dam  site  is  located  approximately  one  mile  west  of  the  basin 
contact  and  is  underlain  by  only  the  older  igneous  and  metamorphic 
rocks.  The  Triassic  basin  sediments  occur  just  downstream  of  the 
dam.  Syenite,  an  igneous  plutonic  rock,  underlies  most  of  the  dam 
site  but  is  overlain  by  the  metamorphic  rocks  under  the  left  abutment 
and  channel  section.  The  syenite,  however,  does  comprise  the  entire 
steeper  right  abutment  except  for  the  soil  cap.  The  metamorphic 
rocks,  which  are  part  of  the  Lynchburg  Formation  include  phyllite, 
meta-arkose,  and  slate.  The  phyllite  and  slate  underlie  most  of  the 
left  abutment  above  the  syenite.  Meta-arkose  underlies  most  of  the 
channel  section.  In  addition,  amphybolite  dikes  occur  randomly 
throughout  the  foundation  bedrock  except  under  the  steeper  right 
abutment . 

Soils  overlie  all  the  bedrock  and  comprise  the  foundation- 
embankment  contact.  From  4 to  11  feet  of  alluvial  and  terrace  soils 
overlie  residual  soils  and  the  weathered  phyllite  and  slate  along  the 
left  abutment.  From  10  to  13  feet  of  coarser  grained  alluvial  soils 
directly  overlie  the  weathered  meta-arkose  along  the  channel  section 
and  approximately  5 feet  of  residual  soils  overlie  the  weathered 
syenite  along  the  right  abutment. 
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The  structural  relationship  b.-tw  ■•'■l  the  various  rock  types  is 
fairly  complex.  Jointing  and  minor  T- iassic  normal  faulting  occur 
within  the  bedrock.  No  prominent  joint  system  however,  we  \uted. 

The  faulting  occurs  perdominately  at  th  .•  contact  of  the  syen  i f « and 
softer  meta-arkose  and  phylitte,  but  little  fault  gouge  or  brecciated 
material  was  encountered.  However,  running  sands  were  not;  in  a 
fault  zone  at  the  toe  of  the  right  abutment  where  the  syenite  contacts 
meta-arkose.  The  amphybolite  dikes  intrude  the  other  rocks  in  zones 
that  strike  nearly  parallel  to  thg  dam  alignment.  Theosch i ; tgsity  of 
the  metamorph Lc  rocks  strikes  N42  to  47  E and  dips  35  to  '3 
SE. 

The  condition  of  the  foundation  materials  varies  according  to  the 
composition.  The  soils  are  relatively  soft  or  loose  near  the  surface 
and  become  harder  or  more  dense  with  depth  as  expected.  The  alluvial 
soils  under  the  channel  section  are  especially  dense.  Fairly  dense 
and  impermeable  residual  soils  overly  the  weathered  bedrock 
throughout.  The  weathered  rock  proved  fairly  impermeable  during  field 
testing  except  at  one  fault  zone  previously  mentioned  and  within  some 
badly  fractured  meta-arkose  near  the  toe  of  the  left  abutment.  The 
geology  report  recommended  the  cutoff  trench  be  placed  to  40  blow/foot 
residual  soils  under  the  left  abutment  and  channel  section  and  to  the 
shallow  (approx.  5')  top  of  weathered  rock  under  the  right  abutment. 
The  detail  of  the  cutoff  trench  shown  as  plate  III,  Appendix  I,  shows 
these  approximate  depths,  however,  the  final  depth  of  the  trench  was 
to  be  determined  by  the  field  engineer.  It  is  apparent,  though,  that 
the  trench  was  not  placed  below  the  fault  zones. 

Construction  reports  were  not  available  to  check  the  actual 
figures  or  determine  the  actual  foundation  materials  and  their 
conditions  at  the  bottom  of  the  cutoff  trench  and  below  the  seepage 
drain.  It  is  assumed  that  the  trench  was  placed  into  impermeable 
residual  soils  or  weathered  bedrock  as  recommended  and  that  the 
seepage  drain  was  founded  on  impermeable  weathered  bedrock  as  shown  in 
the  detail  on  plate  VI,  Appendix  I. 

6.2  Embankment : Referring  to  Plate  No.  IV,  Appendix  I,  the  crest 
of  the  dam  is  14  ft.  wide  at  El.  397.2.  The  upstream  slope  of  the 

shell  is  1 vertical  to  2-1/2  horizontal  from  the  crest  of  dam  to  El. 

378.0  where  it  flattens  to  1 vertical  to  10  horizontal . forming  a berm 

for  a vertical  distance  of  1 foot.  The  flat  berm  protects  the 

upstream  shoreline  from  erosion  during  the  normal  pool  operation. 

From  El.  377,  the  slope  changes  to  1 vertical  on  3 horizontal  to 
natural  ground.  The  downstream  slope  of  the  shell  is  1 vertical  to 
2-1/2  horizontal  from  crest  to  toe  of  dam.  The  upstream  slope  of  the 
inner  core  is  1 vortical  to  2-1/2  horizontal  and  it  follows 
essentially  the  outline  of  the  upstream  shell.  The  downstream  slope 
of  the  inner  core  is  1 vertical  to  2 horizontal.  The  inner  core  is 
constructed  with  mostly  ML  and  some  CL  materials  compacted  in  9-inch 
lift  at  or  above  the  optimum  moisture  content.  The  outer  shell  is 
constructed  with  SM  and  non-plastic  Kb  material  compacted  in  9-inch 


lift.  The  see  pa;  drain  is  located  at  the  outer  shell  material  under 
the  downstre-am  paction  of  the  dam.  A I ; i>  -ugh  no  specific  d ii  s i on  is 
given  on  Plate  VI,  .'ppendix  I,  the  location  of  the  dra  in  appears  to 
satisfy  the  design  condition  of  c/b  ~ 0.6. 

6.3  Evaluation.; 

6.3.1  Found a ti on : 

Most  dam  foundations  are  evaluated  on  the  basis  of  potential 
settlement,  sliding  and  seepage.  Excessive  settlement  of  the  dam  is 
not  a problem  because  the  foundation  is  composed  of  fairly  dense  soils 
overlying  weathered  bedrock  and  settlement  was  not  noted  along  the  dam 
alignment  during  the  visual  inspection.  Sliding  within  the  foundation 
bedrock  is  not  usually  a problem  under  small,  earth  dams.  In 
addition,  there  are  no  adversely  oriented  weak  planes  within  the 
foundation  bedrock  that  would  act  as  a potential  sliding  plane.  The 
potential  for  seepage  does  exist  within  the  foundation  since  the  dam 
is  founded  partly  on  soil  types  that  are  fairly  permeable  and  overlie 
faulted  bedrock.  The  cutoff  trench  and  seepage  drain  were  placed 
below  the  permeable  soils  but  not  below  the  fault  zones.  Since  the 
hydraulic  head  behind  the  dam  is  only  8 feet  during  normal  pool  and  20 
feet  at  the  emergency  spillway,  it  was  probably  determined  that  unsafe 
seepage  would  not  develope  through  the  fault  zones  at  those  low  heads, 
thereby  eliminating  the  need  for  a deeper  trench.  This  is  a valid 
determination  especially  since  no  seepage  has  ever  occured  downstream 
of  the  dam.  It  is  recommended,  however,  that  close  monitoring  of  the 
toe  drain  and  downstream  area  be  done  during  high  (flood)  water 
conditions  to  assure  against  unsafe  seepage. 

6.3.2  Embankment : 

The  embankment  structure  was  checked  with  the  modified  Swedish 
circle  and  the  sliding  block  methods.  According  to  the  available 
information  given  in  Appendix  VI,  only  one  trial  analysis  was  made  for 
the  upstream  slope  by  each  method.  Similarity,  only  one  trial 
analysis  was  made  for  the  downstream  slope.  The  factor  of  safety 
determined  are  therefore  not  the  minimum  factor  of  safety  for  the 
slopes.  The  factor  of  safety  presented  below  refers  only  to  the  trial 
analysis.  This  is  not  the  customary  procedure  used  in  stability 
analysis.  As  the  dam  is  built  on  stratified  foundation,  the  sliding 
block  method  showed  the  lower  factor  of  safety.  Referring  to  Appendix 
V,  the  factor  of  safety  for  the  upstream  slope  is  2.25  for  the  full 
drawdown  condition  from  pool  level  at  emergency  spillway  crest 
elevation  386.9  (actual  crest  elevation  is  388.5  ft.).  The  factor  of 
safety  for  the  dorms tream  slope  is  2.27  for  the  full  steady  seepage 
condition  (pool  level  at  EMS)  with  drain  located  at  c/b  = 0.6.  The 
embankment  structure  considered  for  the  Swedish  circle 
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method  is  different  from  the  sliding  block  method  given  in  Append':: 

Vl.  The  embankment  structure  used  in  the  sliding  block  method  is  more 
representative  of  the  actual  embankment  which  w<;  analysed  as  a 
structure  with  a 14  ft.  wide  crest  and  32. 'i  ft.  high  fill  section  over 
\ ft.  of  foundation.  No  calculations  for  the  stability  analyses  wot 
available.  See  Appendix  V for  additional  information  on  stability 
a n ! 1 y se  s . 

The  embankment  slopes  meet  the  requirement  recommended  by  the  U.3. 
Bureau  of  Reclamation  for  small  zoned  earth  fill  dams  on  stable 
foundation  according  to  Reference  2,  Appendix  VII.  Since  no  undue 
settlement,  crack  or  seepage  was  noted  at  the  time  of  inspection,  it 
appears  that  the  embankment  is  adequate  for  normal  pool  level  at  HI. 
376.5ft. 
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SECTION  7 ASSESSMENT /REME!)T.\L  MEASURES 

7.1  Dam  Assessment : Reference  1,  App  •••.(!  i:<  VII,  recommend n 
Spillway  Design  Flo:!  equivalent  to  the  PMF . Since  the  PMF  does  not 
top  the  crest  of  the  d m,  the  emergency  spillway  is  considered 

n dequate . 

Based  on  the  visual  inspection  and  r ■•‘view  of  existing  records, 
there  is  no  apparent  problem  that  would  require  immediate  action  for 
the  normal  pool  conditions.  The  actual  entb.  nkment  structure  appears 
to  be  similar  to  the  "as-built"  drawings.  without  the  construction 
records,  and  without  performing  the  stability  analysis  according  to 
trie  recommendation  given  in  Reference  1,  Appendix  VII,  the  stability 
of  the  embankment  under  designed  loading  cun  '.  Ltions  cannot  be  assessed 
although  the  embankment  slope  and  crest  width  meet  the  requirements 
recommended  by  the  U.S.  Bureau  of  Reclamation  for  small  zoned 
earthfill  dams  on  stable  foundation  given  in  Reference  2,  Appendix  VII. 

7.2  Remedial  Measures:  There  is  no  immediate  need  for  remedial 
measures.  However,  the  following  actions  are  suggested  and  should  be 
initiated  within  12  months.  These  measures  are  suggested  for 
monitoring  and  maintenance  purposes  only. 


7.2.1 
in  such  a 


The  grasses  on  the  faces  of  embankment  should  be  maintained 
condition  that  will  facilitate  the  annual  inspection. 


7.2.2 
riprap  to 


Remove  woody  vegetation  in  downstream  discharge 
eliminate  deep  rooted  growth. 


channe 1 


7.2.3 
e limina te 


Backfill  animal  burrows  located  in  the  embankments  to 
erosion. 


7.2.4  Provide  slope  protection  on  the  upstream  slope  against 
erosion  at  the  pool  elevation. 

7.2.5  The  crest  of  the  dam  should 

and  the  bare  spots  should  be  reseeded, 
cannot  he  successfully  controlled,  the 

against  erosion. 

7.2.6  The  current  annual  inspection  program  should  include 
observations  and  measurement,  if  feasible,  of  the  flow  rate  of  the 
seepage  drain.  In  the  event  that  the  drainage  water  is  murky,  an 
analysis  of  the  suspended  solids  should  be  made  to  determine  the 
source  of  these  solids. 


he  closed  to  vehicular  traffic 

In  the  event  that  the  traffic 
crest  must  he  paved  to  protect 


7.2.7  Record  the  pool  elevation  and  flow  rate  of  the  seepage 
drain  whenever  the  pool  level  rises  6 ft.  or  more  above  the  normal 
pool  elevation.  Staff  gage  or  other  equivalent  method  should  be 
placed  to  indicate  the  pool  level. 


7.2.8  Suggest  to  perform  stability  analysis  with  the  "as-built" 
conditions  and  appropriate  material  properti  a using  the  guidelines 
recommended  by  Reference  1,  Appendix  VII  and  the  sliding  block  or 
wedge  method  to  check  the  stability  of  slopes.' 
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APPENDIX  III 


FIELD  OBSERVATIONS 

Name  of  Dam:  Mountain  Run  Dam  No.  18 
County:  Culpeper  State:  Virginia 

Coordinates:  Lat.  38o29'30"  Long.  78°00'30" 

Date  of  Inspection:  8 June  1978 

Weather:  Light  rain  - Temperature:  75°F 

Pool  Elevation  at  Time  of  Inspection:  376.5'  m.s.l. 

Tail water  at  Time  of  Inspection:  360'  m.s.l. 

Inspection  Personnel: 

State  Water  Control  Board 
H.  Wigglesworth 

Corps  of  Engineers 
W.  Barker 
L.  Jones 

D.  Pezza  (Recorder) 

J.  Robinson 

1 . Embankment : 


1.1  Surface  Cracks:  The  slopes,  crest,  and  abutment  contacts 
were  inspected.  The  slope,  and  abutment  contact  were  covered  with  3 
to  4 feet  of  light  vegetation,  making  observations  difficult.  The 
vegetation  was  predominately  grass,  and  an  occasional  small  tree  and 
bush  were  intermittently  noted.  The  crest  of  the  dam  and  downstream 
toe  area  was  recently  trinmed  to  6 inches.  Soil  conditions  were  very 
moist  due  to  wet  weather  conditions.  No  cracks  were  noted  on  the  dam. 

1 .2  Unusual  Movement:  No  unusual  movement  was  noted  on  the  dam. 
Again  vegetation  inhibited  observations. 

1.3  Sloughing  or  Erosion:  Erosion  of  the  upstream  slope  was 
noted  at  the  waterline.  The  erosion  was  about  1 foot  in  height  just 
above  the  present  pool  elevation.  It  was  caused  by  either  wawe 
action  or  pool  fluctuation.  Also,  a portion  of  the  reservoir 
embankment  20  feet  upstream  of  the  right  abutment  has  eroded  along  the 
shoreline.  At  this  point,  a barbed  wire  fence  parallel  to  the  dam, 
extends  15  feet  into  the  water.  The  portion  in  the  water  has  been 
undermined  and  lays  collapsed  in  the  water.  At  the  center  of  the 
upstream  slope  about  three-quarters  up,  there  is  a 100  foot  horizontal 
strip  covered  with  thin  growth  of  clover.  The  terrain  in  the  area  has 
evidence  of  very  shallow  (1  to  2 inches)  gully  type  erosion.  A few 
animal  burrows  up  to  8 inches  in  diameter  were  noted.  The  crest  of 
the  dam  has  been  used  as  a roadway.  Although  there  are  no  ruts 
formed,  the  vehicular  traffic  caused  bare  spots  which  are  desirable, 
as  the  crest  of  the  dam  must  be  protected  with  a good  growth  of 
grass.  No  sloughing  was  noted. 


1.4  Alignment:  The  vertical  and  horizontal  alignment  of  the  dam 
did  not  deviate  from  the  as  built  drawings.  The  crest  of  the  dam 
serves  as  a dirt  trail  access  road. 

1.5  Riprap:  The  only  riprap  on  the  dam  was  in  the  discharge 
channel.  Refer  to  section  2.3  for  conments. 

1.6  Junctions:  The  conditions  appeared  good.  Observations  were 
difficult  due  to  high  vegetative  growth. 

1.7  Seepage:  No  seepage  was  noted  on  the  slopes  at  the 
abutments,  along  the  toe  or  along  conduits  passing  through  the  dam. 

The  toe  area  right  of  the  outlet  works  was  not  trimmed  making 
observations  difficult. 

1.8  Drains:  The  structure  has  a toe  foundation  drain.  Two  6 
inch  corrugated  metal  discharge  pipes,  serving  the  drain,  were  located 
on  each  side  of  the  spillway  conduit.  The  pipes  were  flowing  less 
than  one-sixth  full  and  the  water  was  clear.  A rust  colored  colloidal 
sediment  was  noted  in  the  bottom  of  the  pipes. 

1.9  Instrumentation:  There  were  no  instrumentation  or  staff 
gages  for  the  entire  dam. 

2.  Water  Works: 

2.1  Intake  Structure:  There  was  no  access  to  the  riser.  The 
structure  is  concrete  and  showed  no  visible  signs  of  deterioration.  A 
vertical  shaft,  without  manual  controls  for  regulation  of  intake 
values,  extended  above  the  riser.  The  regulating  works  were  not 
operated  during  the  inspection.  A trash  rack,  consisting  of  parallel 
angle-irons  every  12  to  16  inches,  covers  the  opening  of  the  riser. 

No  debris  was  lodged  in  the  inlet  nor  was  there  any  in  the  immediate 
area.  Pool  elevation  was  slightly  higher  than  the  drop  inlet. 

2.2  Outlet  Works:  A 30-inch  ungated  concrete  conduit  serves  as 
the  spillway  running  from  the  riser  through  the  dam.  The  discharge 
end  extended  15  feet  beyond  the  toe  of  the  dam.  The  last  5 feet  of 
the  conduit  is  cantilevered.  The  conduit  was  running  about  one-sixth 
full  and  showed  no  signs  of  deterioration. 

2.3  Outlet  Channel:  A discharge  channel  extended  approximately 
50  feet  from  the  toe  of  the  embankment.  The  area  behind  and 
underneath  the  cantilevered  conduit  spillway  was  protected  from  eddy 
currents  with  diabased  riprap.  The  riprap  extended  the  full  length  of 
the  outlet  channel  protecting  the  slopes  and  base  of  the  channel.  The 
riprap  was  built  up  across  the  end  of  the  channel  serving  as  baffles. 
The  tailwater  was  approximately  four  feet  below  the  conduit  invert. 
Channel  pools  were  measured  up  to  2 feet  in  depth  and  were  deepest 
near  the  mouth  of  the  conduit.  Heavy  vegetation  has  grown  up  through 
the  rocks. 


3.  Emergency  Spillway;  The  spillway  is  cue  into  existing 
terrain.  The  channel  is  in  good  condition  and  has  excellent 
vegetative  cover  trimmed  to  6 inches.  The  left  cut  slope  was  in 
excellent  condition  and  was  covered  with  3 to  4 feet  of  light 
vegetation.  The  left  dike  was  trimmed  and  also  appeared  in  good 
condition.  A trail  access  road  traverses  the  approach  channel  and 
goes  up  the  dike  to  the  crest  of  the  dam. 

4.  Reservoir:  The  area  surrounding  the  upstream  reservoir 
consists  of  gentle  rolling  hills  covered  with  pasture  land  or  planted 
fields.  Two  farms  sitting  on  top  of  nearby  hills  are  visible  from  the 
crest  of  the  dam.  No  obvservations  of  sediment  could  be  made.  The 
water  was  clear  and  free  from  debris. 

5.  Downstream  Channel:  The  channel  immediately  beyond  the  outlet 
channel  had  signs  of  erosion.  The  channel  walls  were  6 feet  high  with 
near  vertical  slopes.  Above  the  channel  the  terrain  was  relatively 
flat.  The  stream  narrows  from  approximately  20  to  5 feet  about  200 
feet  downstream.  No  structures  are  in  the  apparent  flood  plane  until 
the  channel  approaches  the  town  of  Culpepper,  0.75  miles  downstream  of 
the  dam. 


APPENDIX  IV  - GEOLOGY  REPORT 


The  Lynchburg  Formation  was  deposited  in  late  Prcca.-r.br  i an  tire-  from 
sediments  that  came  westward.  These-  came  from  an  old  land-mass  that 
occurred  to  the  east  of  Richmond.  The  Lynchburg  formation  is  thick. 

A total  thickness  of  11,000  feet  is  a conservative  estimate  of  thickness 
in  this  area . 


petrology  of  the  Lynchburg  Formation  is  complex.  Me  tarr.orph  i c rocks 
jarring  in  this  formation  include  mica  gneiss,  sericite  phyllite, 
graphite  rock,  quartzite  and  sandstone,  slate,  rr.ets-arkcse , and  rr.ota- 
ccnglome  rate  . The  rr.e  tamorph  i c facies  of  this  formation  is  below  qrccn- 
schist  facies. 


Metamorphic  rocks  of  the  Lynchburg  Formation  in  the  area  of  the  dam  are 
slate,  phyllite,  and  me ta-arkose , and  amphibolite.  These  rocks  are  the 
metamorphic  products  of  the  following  sediments  as  shown  by  the  chart 


hc-at  and  pressure 
slate  '"**  ~~  ~ 

phyl  1 i te  ““c  

meta-arkose 

amph iboi  i te  “ 


black  shale 
acid  shale 
arkosic  sandstone 
basic  dike  rock 


The  amphibolite  is  from  basic  swarm  tync  dikes  that  fed  the  thick 
(approximate! y 12,000  foot)  Catoctin  lava  flow.  These  dikes  cross  the 
Lynchburg  Formation  to  a great  extent.  On  Beautiful  Run  Watershed  in 
Kadi  sen  County  where  all  dams  are  in  the  Lynchburg  Formation,  approxi- 
mately 35  percent  of  the  area  is  underlain  by  amphibolite  dikes  These 
amphibolite  dikes  arc  the  same  age  as  the  Catoctin  greenstone.  The 
- 'son  they  contain  hornblende  instead  of  the  cPidote  minerals 
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Igneous  reeks  occurring  on  the  site  arc  syenite  and  the  pegmatite 
dikes  th^t  have  the  syenite  stock  as  their  origin.  The  syenite 
(granite  without  ’uortr)  is  the  ric!ge  - former  that  makes  the*  steep 
right  abutment.  As  the  syenite  shews  little  signs  of  rr.e  tamer  phi  srr 
it  c e i u 1 d be  correlated  te  the  Mi  ss  i ss  ippi  an  age  syenites  and  granites 
(such  as  the  Leatherwood  syenite,  that  fronts  the.  face-  of  the  federal 
building  in  Richmond,  Virginia)  that  are  present  in  the  western 
•irginia  piedmont.  The  syenite  occurring  in  the  right  abutment  is 
fractured  as  observed  on  exposures  occurring  on  the  upstream  sice  of 
the  abutment. 

A tir.c  table  of  geologic  events  that  deposited,  metamorphosed  and 
fractured  the  reeks  under  Site  'Jo.  18  is  given  as: 


pprox in  ate 

Time 

Fe  r iod 

E ve  nt 

160  my 

Triassic  or  Jurassic 

‘.'ormal  faulting 

100  my 

Pe  rmi  an 

formation  -f  great 
anticline  ( fold i ng) 

220  my 

Mi ssi ss i ppian 

Emplacement  of 
syenite  and 
pegmati te 

520  my 

Cambr i an 

Emplacement  of 
amphibol I te 

650  my 

Prccambr 1 an 

Se dimentat ion  of 
phyllite,  slate  and 
meta-arkose 

Residual  soil  weathered  from  the  diverse  rocks  of  the  Lynchburg 
formation  is  present  on  the  site.  This  residual  material  forms  typical 
red- ye  1 lew  pod  ols  with  a thick  bright  red  B horizon  overlying  a sandy 
generally  nonplastic  micaceous  C horizon. 

Colluvial  soils  are  almost  non-cxistant  in  the  area  of  the  damsite. 
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T(  rr.?cc  soils  are  p rom.  Inant  in  the  area  of  this  site.  These  include 
high  t<  r races  (iliwassce  series)  intermediate  terraces  (Masada  series) 
and  low  terraces  (Augusta  and  Rcanoke  scries). 

These  terraces  were  not  in.pl  need  by  the  small  stream  at  this  site. 

They  are  rather  the  product  of  a former  drainage  system  that  flowed 
to  the  northeast  as  opposed  to  the  prevalent  southeastern  drainage- 
system  in  the  modern  Virginia  piedmont. 

Evidences  of  this  former  river  system  can  be-  traced  from  stream  gravels 
on  hilltops  and  slopes  from  western  Madison  County  through  Culpeper 
County  and  out  into  the-  Culpeper  Triassic  basin. 

Ball's  Run  flows  in  a strongly  entrenched  dendritic  meandering  course. 
At  present  the  stream  is  slightly  aggrading  to  neutral  at  the  site. 

METHODS  AND  PROCEDURES 

1.  The  design  engineer  is  kindly  asked  to  bear  wi th  the  above  rather 
full  description  of  the  origin  of  rocks  and  soils  occurring  on  this 
site.  He  is  aske-d  for  a while  to  think  "know  why"  of  the  scientist 
instead  of  thinking  "knew  how"  of  the  engineer. 

Soils  present  on  the  site  are  classified  both  according  to  the 
■unified  System  and  according  to  the  U.  S.  Dept,  of  Agriculture  System. 
Use  of  this. latter  system  is  made  only  as  a fairly  convenient  grouping 
of  total  soil  profiles  into  classes.  The  series  names  provide  a con- 
venient shorthand  to  express  in  two  words  what  might  otherwise  take  a 
phrase  to  express.  The  origins  of  the  soil  series  are  as  follows: 

Cecil  Series  = Deep  residual,  weathered  from  granite  or  syenite 

Louisburg  Series  = Shallow  residual  weathered  from  granite  or  syenite. 

Elioak  Series  = Deep  residual  weathered  from  phyllite,  slate,  gneiss, 
cr  meta-arkose  of  the  Lynchburg  Formation. 

Hiwassee  Series  = High  terrace  with  red  un-mottlcd  B horizon. 

Masada  Series  = Intermediate  terrace  - yellow  red  wi th  red  and  yellow 
foss  i 1 rnottl  es . 

Augusta  Series  - Fairly  low  terrace  with  clay  - yellow  and  yellow  rc-d 

with  brown  and  gray  mottles. 

Roanoke  Series  = Lew  terrace  - light  gray  mottled  with  shades  of 

yellow  brown  - poorly  drained  - tight. 
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ranges  from.  4.3  fret  to  11.0  fte-t  below  the  ground  surface.  Present 
in  this  soil  are  brown  ML  rate  rial  and  gray  mottled  ML,  CL  and  SM 
lenses  overlying  a basal  CM.  This  overlies  up  to  2.C  feet  of  weathered 

me  t a - a r ke>  s e . 

Talus  of  boulders  and  cobbles  overlain  by  red  brown  colluvial  silty  sand 

(SM)  is  present  at  the-  tee  of  the  slope  of  the  right  abutnent  fre.n 
station  27+40  to  station  23  + 15  on  the  dam  centerline*.  This  talus  and 
colluvium  ranges  In  thickness  from  3.8  to  6.0  feet. 

Residual  soil  weathered  from  syenite  occurs  on  the  right  abjtrent  from 
station  23  + 15  on  the  dam  centerline  to  the.  top  of  the  cam.  1 h i r soil 
has  3-5  feet  of  yellow  red  hard  silt  (ML  or  MU)  over  J.5  4<t  of 
we  a t he  red  syenite. 

To  investigate  the  centerline  cf  the  dam  13  test  pits  were  dug.  These 
are  numbered  TP  2 through  TP  !4. 

CENTERLINE  OF  THE  PIPE 

Two  proposed  pipes  were  investigated.  These  are  designated  as  pipe  "A" 

1 pipe  "B".  The  centerline  of  pipe  "A"  crosses  the  centerline  of  the 
,r;  at  station  20  + 55  on  the  centerline  of  the  dam  and  station  3+00  on 
the  pipe  centerline.  These-  centerlines  form  a 78  degree  30  minute  angle. 
The  centerline  of  pipe  "B"  crosses  the  centerline  of  the  dam  at  station 
21+88  nn  dam  centerline  and  station  3+00  on  the  pipe  centerline.  Thc*se 
centerlines  are  normal  to  each  other. 

The  centerline  of  pipe  "A"  is  placed  on  meta-arkose  with  injected 
arn-ph  i boli  to.  The  amphibolite  is  present  between  station  3+00  and  ?+80 
on  the  pipe  centerline  and  downstream  from  station  4+15. 

The  alluvial  soil  that  occurs  on  the  centerline  of  pipe'Whas  a layer 
cf  brewn  to  red  brown  ML  material  overlying  lenses  cf  gray  and  mottled 
gray  ML.  CL  and  SM  material  that  overlie  a basal  gravel  (GM)  layer. 

This  soil  is  above  weathered  meta-arkose  and  amphibolite  that  ranges 
in  thickness  up  to  63  feet. 

The  relief  of  the  top  of  rock  along  this  pipe  centerline  ranges  from 
elevation  359-0  to  elevation  351-0 

The- cento  r 1 i ne  of  pipe  "B"  is  placed  on  me  ta- arkose  in'ectcd  wi  th  syenite. 
The  syenite  occurs  from  station  3+25  to  station  3+90  on  this  pipe  erntt r- 
line.  This  syenite  is  unweathcred  with  backhoe  refusal  effected  at  6.5 
fret  below  the  ground  surface  on  unweathered  syenite.  The  me ta-arkose 
is  weathered  wi  th  un  to  4.0  feet  of  weathered  meta-arkose  piccc-nt. 
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Alluvial  soil  is  present  cn  the  centerline  of  pipe  This  a 1 1 cv i um 

has  a top  layer  of  from  0.5  to  3.0  feet  of  red  bre.-m  to  brown  ML  natcri 
overlying  lenses  of  gray  and  mottled  gray  ML,  CL.  and  SM  material  wi  Ih 
a basal  gravel  above  the  weathered  meta-arke.se. 

The  relief  of  the  top  of  rock  on  the  centerline  of  pipe-  "B"  ranges  from 
elevation  558.0  to  elevation  354.0 

To  investigate  the  centerlines  of  these  two  proposed  pipes  21  test  pits 
were  dug.  These  TPs  are  numbered  TP  501  through  TP  510  (pipe  "f,")  and 
ip  320  through  TP  328  (pipe  "A"). 

EMERGENCY  SPILLV/AY 

Tiie  proposed  emergency  spillway  cut  is  placed  on  the  Ic-ft  abutment. 

The  centerline  of  this  emergency  spillway  crosses  the  centerline  of 
the  dam  at  station  13+10  on  the  centerline  of  the  dam  and  station 
5-65  on  the  centerline  of  the  emergency  spillway.  The  elevation  of  the 
level  section  which  is  placed  downstream  from;  the  dam  centerline  is 
386.9. 


■».  rock  was  found  to  occur  in  the  cmeracncy  spillway  cut  area. 
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nesidual  soil  weathered  from  phyllite  and  slate  ( E 1 ioale  ser  i e s ) com- 
prises the  majority  of  the  cut  of  the  emergency  spillway.  This  soil 
has  from  2.5  to  5.5  feet  of  bright  yellow  red  clayey  silt  (ML  or  MH) 
overlying  up  to  4 feet  of  red  yellow  silty  sand  (ML  or  SM) . These 
layers  overlie  at  least  15.0  feet  of  silty  nonplastic  micaceous  sand 
(SM). 

An  area  of  high  terrace  soil  (Hiwassee  series)  is  present  on  the  right 
side  of  the  cut.  This  soil  has  6.0  feet  of  yellow  red,  hard  ML  and 
CL  with  scattered  gravels  and  GM.  This  overlies  the  olive  gray, 
micaceous,  nonplastic  SM  material  weathered  from  phyllite.  On  the 
centerline  of  the  emergency  spillway  this  high  terrace  soil  occurs 
from  station  4+10  to  station  7+35  with  the  majority  of  the  terrace 
material  present  to  the  right  of  the  EMS  centerline. 

From  the  entrance  of  the  emergency  spillway  to  station  3+00  on  the 
centerline  of  the  emergency  spillway  low  terrace  soil  (Augusta  scries) 
occurs.  This  soil  has  4.0  to  6.0  feet  of  clayey  silt  (MH,  HL  or  CL) 
present  overlying  olive  gray,  nonplastic,  micaceous,  silty  sand  that 
has  been  weathered  from  phyllite. 

To  investigate  the  emergency  spillway  cut  on  the  left  abutment  15  test 
pits  and  hand  auger  holes  were  dug.  These  are  numbered  TP.  250  through 
''A  264. 


She  c t ft \ f \ L> 

va 

An  alttrnate  emergency  spillway  rut  was  investigated  on  the  right 
ebut.cnt.  As  the  Kill  r n the  right  abutment  forms  a fairly  narrow 
ridge  at  the  top  of  the-  dam  ythe  spillway  rut  will  be'  shorter  on  this 
abutment  Hewcxer,  hard,  compact  syenite  rock  occurs  here.  This  rock 
has  spines  of  syenite  present.  These  spines  range  up  to  4.0  feet  of 
the  ground  surface  or  to  elevation  399.0.  Yet  some  of  the  test  pits 
range  up  to  15-0  feet  in  depth  or  to  elevation  392.0  feet  without 
encountering  syenite  rock. 


Tc  investigate  a possible  emergency  spillway  cut  on  the  right  abutment 
8 test  pits  were  dug.  These  are  numbered  TF  201  through  IF  208. 

BCR ROW  AREA 

The-  borrow  area  is  located  upstream  from  the  centerline  of  the  dam  in 
and  around  the  edges  of  the  pc-rr.anc nt  pool  area  The  borrow  area 
extends  2,000  feet  upstream  from  the  centerline  of  the  cam.  It  is 
approximate  1 y700  feet  in  width  and  covers  approximate  1 y 30  acres  All 
cf  this  land  is  cleared  and  at  present  is  used  as  pasture  land. 

Terrace  soils  occur  on  the  borders  of  the  permanent  pool.  Above  the 
right  edge  of  the  permanent  pool  terrace  soil  of  the  Masada  series  is 
•esent.  This  soil  has  hard,  red  with  red  yellcw  mottles,  and  gray 
ttlrd  clayey  silt,  clayey  sand  and  gravel  that  ranees  in  thickness 
. rom  13-5  feet  to  5-6  feet-  This  soil  overlays  weathered  mica  phyl  1 ? te 
and  schist. 


Lew  terrace  soil  of  the  Roanoke  series  occurs  on  the  downstream  nart  of 
the  permanent  pool  area  and  above  permanent  pool  elevation.  This  soil 
has  from  6.5  to  8.0  feet  of  brown  and  gray  mottled  silt  clay  sand  and 
gravel  (ML,  CL,  SM  and  GC)  overlying  weathered  phyllite. 

Terrace  soil  of  the  Augusta  scries  occurs  in  and  above  the  upstream  part 
of  the  permanent  pool  area.  This  soil  has  from  3-5  to  5.0  feet  of  brown, 
yellow  and  gray  silt,  clay  and  gravel  ML,  CL  and  GC  ever  weathered 
phyllite,  meta-arkose  and  slate. 

Recent  alluvium  occurs  in  the  central  portion  of  the  borrow  area.  This 
is  in  the  floodplain.  This  alluvium  has  from  7-0  to  8.0  feet  of  brown 
and  gray  silt,  clay,  sand  and  gravel  (ML,  CL,  SM  and  CM).  The  basal 
gravel  is  loose  and  wet.  The  soil  overlies  weathered  phyllite.  The  water 
table  present  in  April  1969  ranges  from  4.5  to  7.5  feet  in  depth. 

To  investigate  the  borrow  area  30  test  pits  were  dug.  These  are  numbered 
TP  101  through  TP  130. 


K'y _!  k t h q.q  $_  .e  o d P ro  ce  du  r e s 

1^_.  The  center J ine  af.. .the  das  was  n.cved  .from  the.  pare-r  center. I »ne_ 
presented  .ln..the..35-S._by..a  surveying  error. ._  This  newest  center l.ine_\vi  11 
be  the  center  1 ine  to. bemused  in  f E na.l_.cer  ign..  This  is  because _the  drij  1 
hales  are. located  cn  this  lest. .line.  This  .f  i n=*  1 center  1 ine  _fcr::s  the 
fc-rth  center  line  .placed  on.  this  one  site,  .These  four  centerlines  are._ 

1 isted  _in  ehrencJcg  leal  order  .os  follows: 


a.  The  .planning  party,  center  1 In-?.  . . 

t.  The -t-cn : cr  1 inc  incorrect  1 y surveyed  cn  die  .planning,  ear ty 

. — center Jine — . . .......  
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c.  The  paper  centerline  on  the  35's  laid  in  75  feet  upstream 
and  parallel  to  the  second  centerline  - This  paper  center- 
line  was  emplaced  to  position  the  cutoff  and  core  upstream 
from  the  narrow  right  abutment. 

d.  The  centerline  surveyed  in  to  place  the  drill  holes  on  the 
third  centerline.  Unfortunately  these  last  two  centerlines 
do  not  coincide. 

In  the  35’s,  all  test  pits  are  located  on  the  third  center- 
line.  In  final  design,  all  test  pits  .and  drill  holes  are 
located  from  the  fourth  centerline. 

Foundation  material  occurring  in  the  drill  holes  is  correlated 
to  the  samples  taken  in  the  test  pits.  No  samples  were 
shipped  for  analysis  from  the  drill  holes. 

2.  S tandard  ecu  i prr.en  t was  used  in  taking  the  blew  count,  the  perme- 
ability tests,  and  the  pressure  tests. 

Permeability  values  ware  taken  into  the  rock.  This  was  dene  by  sub- 
tracting the  preceding  gpm  value  from  the  gpm  value  obtained.  This 
gives  the  actual  gpm  -or  the  run. 

C( nlerll ne  of  the  D am 

Nine  drill  holes  were  emplaced  on  the  centerline  of  the  dam  in  the 
foundation  area. 

These  drill  holes  showed  soil  conditions  to  approximate  those  soil 
conditions  described  in  the  first  draft  of  the  centerline  of  the  dam. 

On  the  left  side  of  the  stream  valley  these  soil  conditions  are 
alluvial  and  terrace  soil  overlying  C horizon  soil  weathered  from 
phyllite  and  slate  wi th  weathered  meta-arkose,  phyllite,  and  slate. 

The  drill  holes  show  that  the  weathered  meta-arkose,  phyllite,  and 
slate  are  underlain  by  syenite  at  depths  of  25  to  34  feet. 

The  weathered  metamorphic  rock  could  be  drilled  with  a roller  bit  with 
blow  counts  ranging  from  10  to  greater  than  50  blows  per  foot. 

Syenite  occurs  on  the  right  sideof  the  flood  plain.  Here  it  is 
present  at  the  top  of  the  rock  with  no  metamorphics  below  the  soil 
1 ayer . 

On  the  right  abutment  this  syenite  is  weathered. 


At  station  22+00  on  the  dam  centerline  a fault  is  present  between 
the  syenite  and  the  me t a- ar kose . This  fault  contains  a running  sand  / 
that  pushed  up  into  Lite  casing  in  DM  37.  The  top  of  this  fault  z<- ne 
was  at  15.0  foot  depth  in  DM  37. 

This  must  be  a fairly  high  angle  fault  since  no  fault  was  encountered 
in  OH  3 7 C which  is  7.0  feet  away  from  OH  37. 

fractured  syenite  is  present  below  a depth  of  25.1  feet  in  DH  3 3 at 
station  17  + 51  cn  the  dam  centerline.  This  fractured  rock  lias  .■ - *er 
passing  through  it.  This  water  below  ? 1 . 5 feet  depth  gives  a ter  ' 
gain  of  0.305  gpm  at  the  casing  collar. 

The  foundation  has  an  average  of  slightly  fcrmeable.  K.  factors  range 
from  near  zero  to  less  than  4.0  ft. /day.  Hie  majority  of  K factors 
present  here  are  below  1.0  ft. /day. 

The  drill  holes  placed  on  the  centerline  of  the  dam  are  nurbtrf.d 
DH  31  through  DH  '9. 


Centerline  of  the  pipe 

~‘~>e  centerline  of  the  proposed  pipe  crosses  the  centerline  cf  the-  dam 
station  20+55  on  the  dam  centerline  and  station  3+00  rn  the  pipe 
-enter? ine.  As  the  centerline  for  final  design  was  moved  from  the 
35' s centerline,  the  angle  between  these  two  lines  will  be  aiven  in 
design.  This  is  to  insure  that  the  pipe  is  aligned  wi th  the  stream 
channel . 

S+ i 1 conditions  on  the  centerline  of  the  pipe  approximate  those 
previously  discussed.  These  show  an  alluvial  soil  ever  C horizon  and 
weathered  meta-arkose  with  some  amphibolite  dikes. 

DH  331  at  station  1+89  on  the  proposed  pipe  centerline  shows  weathered 
phyllite  and  meta-arkose  to  extend  to  a depth  of  at  least  38.0  feet. 

At  35-0  feet  a high  blow  count  is  obtained.  This  drill  hole  was  the 
only  drill  hole  emplaced  on  the  pipe  centerline.  It  is  near  the  riser 
location. 


Emergency  Spillway 

One  drill  hole,  DH  231,  was  placed  in  the  proposed  emergency  spillway 
cut.  This  hole  showed  soil  to  be  present  to  a depth  of  26.5  feet. 

A low  blow  count  was  obtained  just  above  this  26.5  foot  depth. 
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INTERPRETATIONS  and  CONCIIJSIONS 


1.  The  cut-off  should  be  extended  to  bockhcc-  refusal  on  reek  in 
the  floodplain  be  lev/  the  permanent  pool  level.  On  the  left  abutment 
above  permanent  pool  elevation  the.  cut-off  should  be  extended  at  least 
a the  red  phyl 1 i to  and  amphibolite.  On  the 
hould  be  extended  to  the  shallci 
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w top  cr  rock  present 


Vi  th  the  cr:  pi  occir.cnt  of  this  cut-off  there  should  not  be  excessive 
water  passing  under  the  fc undatlcn.  No  thrust  faults  are  considered  to 
be  present.  Jointing  end  miner  Triassic  normal  faulting  are,  however, 
considered  to  be  present.  A likely  place  for  this  normal  Triassic  age 
faulting  tc  occur  is  on  the  contact  of  the  syenite  and  the  meta-srkese 
and  phyl 11 te.  This  is  due  to  the  difference  in  the  shear  strength  cf 
the  hard  syenite  (approximately  6 on  the  Msh  scale)  and  the  relatively 
softer  neta-r.rkose  and  phyl  li  to  (approximate  1 y 3 to  5 on  the  I'm  h scale), 
"'us,  when  tension  force-  is  applied,  normal  faulting  occurs  at  the 
icturt  of  the  harder  and  softer  rocks.  Also,  a suspicious  factor  for 
..ormal  faulting  here  is  the  fact  that  the  edge  cf  the  syenite  underlying 
the-  foundation  area  forms  a 9C<  angle.  The  downstream  edge  cf  the  contact 
of  this  syenite  and  the  netarrorphf cs  form  a 45°  angle  with  the  f.crpen- 
dicular  to  the  strike  of  the  Culpeper  Triassic  basin.  As  all  Igneous 
pluto.nic  reeks  are  considered  tc  have-  a maximum  shear  angle  ( Fh  i angle) 
c-fo45°  even  in  contact  with  weaker  rocks,  this  appears  to  shew  thst  a 

-0  normal  faulting  pattern  occurs  on  the  edge  of  the  syenite  as  it 

lays  In  contact  with  the  meta-arkese  and  phyl II te. 

This  Triassic  age  (cr  perhaps  Jurassic  age)  faulting  pattern  could  be 
related  to  an  obvious  displacement  of  the  border  of  the  Triassic  basin 
to  the  eastward  approximate  1 y three  tenths  of  a mile  downstream  from 
the  d am  centc  r 1 i ne . 

However,  for  a flood  control  dam  that  has  on  iy  an  eight  foot  deep 

permanent  pool,  these  tmall  normal  faults  are  not  considered  dangerous. 

Some  flood  control  dams  have  been  err, placed  with  known  normal  faults 
occurring  In  the  area  wi  th  little  effect  on  the  water  holding  capacity 
of  the  abutments. 


t arexiirste  example  in  the  Lynchburg  formation  is  Beautiful  Run 
Here  this  worker  pointed  out  to  the  Inspector  (Mr.  Henry  Aylor) 
example  of  a normal  fault  on  the  right 
d through  the ‘Inside  edge-  of  the  emergency 
angle  normal  fault  pattern  In  the 
formation  Is  so  pronounced 


thrilling 

■“-hat  passe 
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hutment  of  the  site 

pillway.  in  fact, 
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Drautiful  Run  area  o 
Beautiful  Run  flews  in 


stream  pa  t te  rn  tha  t nrpri  a ehc  s a trellis  pa  etc  rn  as  < : :.>•  sc  d tc  the 
freva  ling  entrenched  dendritic  f 1 c -■  v.  to  the  sr  t h c a r,  t . 

The  he  nut  i f u l F. . n sites  till  hr  1 d '.-..ter,  dcr  .ons  t ra  t i ng  the  sc  undne  cs 
of  the  abutments.  Other  .irginia  sites,  wl  ere-  n wn  nc  r nl  fad  ts 
v.t  re  ebscrtrd  curing  investigation  also  have  a be  t.r  < n t s that  hold 
watt r . 

This  consideration  of  norr.nl  faulting  to  nn  out-c f-statc  worker  may 
indeed  sound  cal  lous.  i veve-r,  an  e xpre  ssion  told  to  this  we  rke  r by 
a gee  legist  in  this  state'  should  be  considered.  his  o-pre  ssion  is- 
’’die  re  I work  can  dssm  f'-undat  i c ns  in  Virginia,  the  cere  I am  cr-n- 
vi  need  there  is  a ncrral  fault  running  up  every  stre-vr  valley  in  the 
state  " 

But  there  are  factors  present  in  irginia  that  wi  1 1 place  a dan  in 
severe  'copardy  of  failure.  These  ere  factors  such  cs  thrust  faults, 
sink  holes,  and  narrow  fractured  abu tr.c  nts . 

!n  regard  to  the  last  danger  of  narrow  fractured  abutments.  the 
right  abutment  has  present  fractured  syenite-.  As  this  abut  ent  is 
narrow  the  water  must  be  stopccd  before  reaching  the  fractured 
syenite.  Wi  th  this  in  rind  the  centerline  of  the  cam  was  - vved 
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wi  tn  appropriate  rc.ning  between  the  core  and  reek. 

*.  A tee  or  seepage  drain  should  be  considered.  This  drain  will  bc- 
P laced  upstream  from  the  majority  of  the  amphibolite  dike. 

in  the-  Lynchburg  formation  an  amphibolite  dike-  tends  to  ferm  a solid 
wall  bc-neath  a structure.  This  is  bfreause  fracturing  forces  tend  to 
batter  up  the  softer  phyl 1 i te  and  slate  and  not  to  fracture  the 
amphibolite.  Thus  to  some  extent  the  am.ph  i bol  i te  dike  acts  as  a 
buttress  to  prevent  water  from  passing  cut  from  under  the  downstream 
tee  of  the  dam. 

b.  Two  proposed  pipe  centerlines  are  presented.  Each  centerline  is 
acceptable  for  placement  of  the  pipe.  Each  has  its  slight  merits  and 
di sadvantages 

Pipe  centerline  A presents  a shorter  outfall  channel  and  the  better 
alignment  with  Call's  Pun.  1 t wi 1 1 be  easier  to  move  the  concrete 
for  tiic  cradle  tc  this  centerline.  This  centerline  forms  a 78~'  and 
°0'  angle  wi  th  the  cam  centerline. 


L 


1 


Pit-'e  cc  r.  tc  r 1 i ne  B forms  a 50°  an 
have  a longer  outfall  channel, 
rove  the  concrete  trucks  to  this 
considered  to  be  the  better  due 
1 i n e . 


qle  with  the  dam  centerline-.  It  wi  II 
It  will  also  be  slightly  harder  to 
area.  But  generally,  location  C is 
to  the  90('  angle  with  the  darn  centc-r- 


V.’i  th  the  invert  held  a 
rock  re  nova  1 problems. 


elevation  361.5.  both  centerlines  present 


no 


Removal  o ; all  alluvium  (ML,  CL,  SM  and  Cl')  down  to  the  wcatherrd  reek 
should  be  cons  i de  red  in  both  centerlines.  Compaction  of  a tight  cl'.v 
cushion  cr  CL  or  ML  material  w eld  fern'  a solid  base  for  the  Dire 
ebeve  the  weathered  rock. 


5.  The-  alluvial  and  terrace 
considered  to  have  sufficien 

foot  high  structure. 


ate  rials  present  in  the  foundation  .-.re 
strength  to  bear  the  weight  cf  te  }2.h 


6.  The  left  abutment  was  chosen  as  the-  proposed  location  of  the 
emergency  spillway  cut.  in  the  soil  weathered  from  phyl 1 i te  here  no 
reeve  was  found  with  either  the  backhoe  or  the  hand  auger.  Even  if 
weathered  phyl 1 i te  or  slate  reek  are  found  to  occur  in  the  cut,  be th 
these  rocks  have  proven  to  be  rippable.  The  clay  B horizons  of 
.e-  Elicak,  Mi was  see  and  Augusta  series  are  suggested  to  be  placed  in 
the  cere  in  the  soil  correlation  chart.  The  micaceous  sandy  nonplastic 
C horizon  of  the  Elicak  series  which  underlies  all  areas  of  the  cut 
ranees  up  to  a depth  of  20.0  fret  in  the  proposed  cut.  This  should 
give  a slightly  greater  proportion  of  ncnplastic  shell  material  (ever 
2/3  of  the  total  cut  material)  than  needed  in  the  structure.  This  can 
be  adjusted  by  using  the  plastic  CL  and  ML  material  of  the  borrow  area 
for  core-  From  preliminary  estimates  some  of  this  SM  from  the 
emergency  spillway  cut  will  have  to  be  wasted  as  It  will  make  surplus 
shell  material  for  the  embankment. 

/ If  attention  is  given  to  the  placement  of  the  emergency  spillway  in  the 
right  abutment  it  is  considered  that  much  of  the  syenite  removed  here 
I will  have  to  be  classed  as  reck  removal.  The  syenite  spines  occurring 
I here  are  hard  to  impossible  to  rip.  Also,  since  this  granite-like  rock 
occurs  in  spines,  some  spines  can  be  present  that  were  not  found  with 
i the  backhoe. 


It  is  estimated  that  at  least  2,300  yards  of  rock  will  have  to  be 
removed  from  the  emergency  spillway  out  on  this  abutment. 

The  placement  of  the  emergency  spillway  in  the  right  abutment  will  mean 
a shorter  spillway  since  the  right  abutment  is  fairly  narrow.  Also, 
the  B horizon  ( DS  203~1)  cf  residual  soil  weathered  from  syenite  should 
••  mere  plastic  than  the  B horizon  ( DS  250-1  and  DS  7^,-1  ) of  soil 
a the  red  from  ^ 
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7-  Sufficient  borrow  is  considered  to  be  available  to  construct  the 
irbankn  ent.  It  is  suggested  that  all  of  the  edges  of  the  permanent 
pool  be  cut  down  at  least  2-5  feet  on  a 3 to  1 slope  If  this  is 
not  clone  there  will  be  swamping  conditions  around  the  edge-s  of  the 
permanent  pool.  The  CL  and  ML  note-rial  taken  in  this  removal  can  be 
used  as  core  material  in  the  embankment. 


In  the  isopach  map 
the  water  table  is 
si  l’Jviol  soil  will 


the  bogging  down  of  heavy  pans  will  occur  before 
reached.  Thus,  the  recoverable  borrow  f rein  the- 
be less  than  shown  on  the  isopach  map. 


The  highly  plastic 
remove  with  a pan. 
floor  and  gates  of 
to  rove  this  soil 


CL  material  of  the  Roanoke  serie.s  will  be  hard  to 
This  plastic  soil  material  tends  to  stick  to  the 
the  pan.  Often  many  contractors  have  been  unable 
from  the  borrow  area  to  the  embankment. 


however,  th; 
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time  of  year  will 
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■ t - - - ^ Huan.'f'v  v i 1 1 ^ , iii  c w t_  winter  and  spring 

this  clay  will  be  sticky  and  hard  to  handle.  In  the  dry  summer  and 
autumn  this  clay  will  Drove  to  be  hard  and  tight.  Loca  1 residents 
call  th  1 s cl  ay  a ''half-past"  soil.  for  in  the  morning  at  half  past 
eight  it  is  too  sticky  to  plow  and  at  half  past  nine  in  the  morning 
t is  tc c>  ha r d and  dry  to  pi ow . 


Cutting  into  the  abutments  near  the  dam  on  the  right  side  of  the 
floodplain  should  yield  a dee-p  high  terrace  soil  (Masada  series)  that 
should  not  be  excessively  plastic. 

Suggested  placement  of  the  borrow  materials  is  civen  in  the  soil 
correlation  chart. 
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INTERPRETATIONS  AND  CONCLUSIONS 

FOR  IN-SERVICE  USE  ONLY 


1.  Depth  of  cutoff  should  be  extended  into  the  weathered  phyll i te 
and  meta-arkose  on  the  left  side  of  the  stream  valley.  This  should  be 
to  a depth  with  a blow  count  of  approximately  40  blows/ foot.  This  wi 1 1 
mean  a cutoff  trench  of  approximately  ‘5.0  feet  in  depth  on  the  left 
side  of  the  stream  valley. 

Gn  the  right  abutment  the  cutoff  could  be  carried  to  a depth  of  15.0 
feet.  Below  this  depth  there  is  a blow  count  greater  than  70  blows/ 
foot . 


2.  Penr.eabi  1 i ty  and  pressure  tests  In  the  drill  holes  on  the  center- 
line of  the  dam  showed  K factors  to  be  low. 

However,  several  places  are  present  in  the  foundation  that  could  be 
■bject  to  passing  water  through  the  foundation. 

«ir,ong  these  is  the  normal  fault  occurring  in  DH  37  at  station  21+04 
on  the  dam  centerline.  This  fault  appears  to  have  a running  sand 
present.  It  does  not  appear  to  be  excessively  permeable  • . . 

(K  = 3.51  ft/ day) . ^ ^ ^ 

Also  to  be  considered  Is  the  fractured  meta-arkose  and  syenite  in 
DH  39  at  station  17+51  on  the  dam  centerline.  Below  a depth  of  21.5 
feet  this  rock  passes  a small  amount  of  water.  Pressure  is  sufficient 
to  force  the  water  out  of  the  casing.  The  rock  was  tcc  fractured  to 
pressure  test. 

Although  fairly  deeply  weathered,  the  right  abutment  shows  slight  to 
slightly  moderate  water  loss.  '■'■  4-  O 4.-  - * x 

"~T  J • * ' ' 

3.  With  the  invert  of  the  pipe  held  at  elevation  361.5  there  will  be 

no  rock  removal  problem  on  the  proposed  pipe,  

The  riser  will  be  placed  cn  soft  10  blow/ foot  CL  material  with 
weathered  phyll I te  and  meta-arkose  below.  This  weathered  material  is 
soft  with  a range  of  from  10  to  4 0 blows/foot.  Support  for  the  heavy 
riser  structure  In  this  weathered  rock  is  to  be  considered. 
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APPENDIX  V - STABILITY  ANALYSIS  SUMMARY 


1.  Referring  to  Appendix  VI,  the  conditions  used  for  stability 
analysis  and  the  results  by  the  Swedish  circle  method  were  as  follows: 

Width  of  crest:  12.4  feet 
Elevation  of  crest:  El.  395.9  ft. 

Downstream  slope:  1 vert,  on  2*s  horiz. 

Upstream  slope:  1 vert,  on  2%  horiz. 

Embankment  base  elevation:  El.  359.5  ft. 

Elevation  of  emergency  spillway  crest:  El.  386.9  ft. 

Seepage  drain  at  c/b  “0.5 
Soil  data: 


Dry  unit 
wt . 

Material  Classification  pcf 

wet  unit 
wt . 
pcf 

sat.  unit 
wt . 
pcf 

sub.  unit 
wt . 
pcf 

0 

degree 

C 

psf 

Embankment  ML  95 , 7 

Foundation 

114.0 

124.0 

61.5 

30.0 

800 

Loading  condition:  Pool  level  at  emergency  spillway  crest. 

Factor  of  safety  of  trial  failure  surface: 

Upstream  slope  under  full  drawdown  “ 2.57 
Downstream  slope  under  steady  seepage  3 3.12. 

2.  Referring  to  Appendix  VI,  the  conditions  used  for  stability  analysis  and 
the  results  by  the  sliding  block  method  were  as  follows: 

Width  of  crest:  14  feet 
Elevation  of  crest:  El.  395.9  ft. 

Downstream  slope:  1 vert,  on  2%  horiz.  to  toe  at  El.  363 
Upstream  slope:  1 vert,  on  2*i  horiz.  to  El.  374.0 
1 vert,  on  10  horiz.  to  El.  373.0 
1 vert,  on  3 horiz.  to  El.  363.0 
Foundation  base  elevation:  El.  359  ft. 

Elevation  of  emergency  spillway  crest:  El.  386.9  ft. 

Seepage  drain  at  c/b  “ 0.6 
Soil  data: 


Dry  unit 

wet  unit 

sat.  unit 

sub.  unit 

Wt  . 

Wt  . 

Wt  . 

Wt  . 

0 

c 

Material 

Classification  pcf 

pcf 

pcf 

pcf 

degree 

psf 

Embankment 

ML  95.7 

114.0 

mm 

ESI 

800 

Foundation 

- 

mWii 

E9f9 

in 

300 

V-l 


;v- 


Loading  condition;  Pool  level  at  emergency  spillway  crest. 
Factor  of  safety  of  trial  failure  surface; 

Upstream  slope  under  full  drawdown  = 2.25 
Downstream  slope  under  steady  seepage  3 2.27. 
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1.  rorm  CC£-35h,  Soil  Mechanics  Laboratory  Data,  5 sheets. 

2.  Form  SCS-12b,  Consolidation  Test  Data,  6 sheets. 

3.  F ora  SCD-355,  Triuuial  Shear  Test,  Data,  3 sheets. 

*4.  r onu  bCa-000 , Darect  Snear  Test  Data,  1 sheen. 

5*  v om  £-~u-*3b^P  Ccnpac^aon.  ana  Penetrataon  Resistance,  _l0  . ■ 

6.  Form  SCS-337,  Sumary  - Slope  Stability  Analysis,  3 sheet; 

7.  Forn  SCS-130,  Drain  Materials  Test  Data,  1 sheet. 


DISCUSSION 


A.  Classification.  In  the  floodplain,  1 to  11  feet  of  alluvial  CL, 
ML,  SC,  SP-SM,  and  GP-C-M  materials  blanket  meta-arkose  ar.d 
amphibolite  bedrock.  The  neta-arkose  bedrock  is  weathered  in 
the  surface  two  feet  of  the  floodplain. 

In  the  left  abutment,  1 to  8 feet  of  residual  silty  soil  blanket; 
from  4 to  6 feet  of  veathered  phyllite  and  slate  bedrock. 

In  the  steep  right  abutment,  3 to  5 feet  of  silty  residual  soil 
blankets  several  feet  of  veathered  syenite  bedrock.  At  the  toe 
of  the  slope,  3 to  6 feet  of  talus  boulders  and  cobbles  and 
silty  sand  have  accumulated. 


B.  Dry  inct  height.  The  "gallon"  car.  undisturbed  c.unples,  which  were 
taken  in  February,  were  received  at  the  lab  in  May.  The  paraffin 


used  to  seal  seme  of  the  cans  was  cracked  and  the  samples  were 
dried  cut.  Shrinkage  caused  by  drying  appears  to  have  caused  a 
density  increase  in  the  moderately  plastic  CL  materials. 

A vide  range  of  dry  densities  was  obtained  from  the  undisturbed 
samples  submitted  to  the  laboratory.  The  dry  densities  of  the 
alluvium  ranged  from  1.00  grr./cc  for  the  MH  sample,  7CV182 0 (ll.i) 


'ir. rlr.lt  VP-03,  Me. 


fr. *. . p to  5*  1— Toot  uc-p>un  op  dam  ? station  _7~vo  pc  1 . it  /c 
*or  t:,-  aar.iy  SC  sample,  70VTL8i5  (p  ol)  free,  static:.  3-63 'of 
principal  op:  ilvay  £ pipe  A.  Most  c:’  the-  shallow  alluvial  ML 
: — j'xec  ..<3d  diy  der.p » p^.ec  in.  or.e  range  of  P.pp  .o  gwi/cc . 

C . Ccnrol  ideti  on.  One  - d i;r.e  r.  r>  i ona  1 consolidation  tests  were  made 
on  t:ie  low  density  ML  sen. pie,  7G'.vl8i2  (305.2)  and  a dense 
specimen  of  the  CL  sample,  7X1Q18  (32o.l). 


peexmens  were  eooaea 


P/.eir  existing  mo.  ..ture 


ccntent  (which  was  quite  dry)  to  lOGO  psf  r.r.d  then  were  saturated 
•ur.ee r tiie  1000  psf  leasing.  The  low  density  ML  sample  gave  an 
immediate  consolidation  of  ‘.p  when  saturated  under  a hXG  r,sf 
load.  Total  consolidation  potential  of  the  ML  sample  under  the 
tpOO  psf  load  of  the  proposed  35-fcct  high  dan  was  %.  Tl.e 
moderately  plastic  CL  sample  yielded  a ccnsolidaticn  potential 
of  approximately  l£  -under  a 1300  psf  lead. 

D*  £h  -r  Strength.  Consolidated  undr nines  triaxial  shear  tests 
wore  m..de  cr.  the  low  density  alluvial  ML  sample,  7GW1812 
(33p-2)  and  the  mere  dense  alluvial  CL  sample,  JOViBiS  (32o.l). 

A direct  shear  test  was  made  on  the  sandy  5?-SM  sample,  70Wl8l6 

(322.2). 

Try  density  of  the  triaxial  shear  test  specimens  of  the  ML 
sample,  70V1312  (305.2)  varied  from  1.2o  gr./cc  to  1.33  gm/cc. 

Tr.e  tost  specimens  were  soaked  for  seven  days  to  saturate 
ar.d  were  73  to  80^  of  theoretical  saturation  when  tested.  The 
shear  test  data  was  interpreted  to  yield  total  stress  values 
of  0 = 21°  and  c = 300  psf. 


Dry  density  of  the  CL  test  specimens  of  sample  7CV,t3i8  (326. l) 
varied  from  1.53  gm/cc  to  1.6h  gm/cc.  The  test  specimens  were 
-ca/.ea  x or  seven  cays  .o  saturate  and  'Were  52  to  ICGw  ox  the  ore — 
tical  saturation  when  tested.  The  shear  test  data  was  interpreted 
to  give  total  stress  shear  parameters  of  0 = 20.5°  and  c = 1250 


The  2 x 2-inch  SP-SM  direct  shear  test  specimens  vere  flooded  at 
the  start  of  loading.  Dry  densities  varied  from  I.49  gm/cc  to 
1.62  gm/cc.  The  direct  shear  test  data  was  interpreted  to 
give  shear  parameters  of  0 = 3U.50  and  c = 1000  psf. 


EMBAM.u  LG  T 

A.  C~  r.ssjfi cation.  Tr.e  borrow  materials  will  consist  of  mostly 

silty  sand,  like  the  non-plastic  ML  sample,  7CV.T323  (257. l)  from 
tr.e  emergency  spillway,  and  moderately  plastic  silty  terrace 
soi-s,  lixe  the  ML  sample,  7CW1S33  (llO.i)  from  the  borrow  area. 
Small  amounts  of  SC,  SM,  and  CL  materials  wi.ll  also  be  available. 
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The  drill  logs  lisv  the  shallow  alluvium  as  moist  and  the  vat er  table 
is  shallot',  so  it  is  doubtful  that  the  dry  foundation  condition  exists. 
Uneven  vetting  of  dry  lev  density  silty  foundation  materials  could 
cause  embankment  cracking. 
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A.  C c- r. t e r 1 i r.e  C ut c f f . For  foundation  alluvium  with  over  If;/  rr.  h.  v.r; 
a normal  width  cutoff  with  1:1  side  slopes  extending  to  fir::, 
bedrock  is  recommended  below  the  permanent  pool  elevation.  L...kfill 
with  moderately  plastic  ML  or  CL  materials  placed  at  or  above 
optimum  moisture  content  and  compact  to  a minimum  density  of  9 hr 
cf  standard. 

If  the  floodplain  foundation  alluvium  is  dry,  the  foundation 
should  either  be  pre-vet  before  construction  starts  or  the  dry 
lev  density  silty  tutorial  should  be  removed. 


3. 


Dra: name . A foundation  trench  drain 
to  cutlet  possible  seepage  that  hypos 
through  the  bedrock,  and  to  contr 
embankment.  A tvo-layer  filter  is 
range  of  foundation  materials . AS  IF 


at  c/b  •*  0.6  is  recommended 
scs  the  centerline  cutoff 
ol  the  phreatic  line  in  the 
suggested  to  drain  the  wide 
fin<£.  concrete  aggregate 


around  ASTM  road  aggregate  $73  will  be  sufficient.  See 
the  attached  Form  SCS-130  for  gradation  of  materials. 


C.  Principal  Spillway.  Pipe  elongation  calculations  based  on  39 
feet  of  embankment  (B  - 20k1 ) over  six  feet  of  compressible 
foundation  with  a p/  consolidation  potential  show  a horizontal 
strain  of  approximately  0.002  ft /ft.  A minimum  of  undercutting 
to  establish  grade  is  suggested  to  avoid. '”logitudinal~  strains 
along  the  principal  spillway  trench.  The  alluvium  on  each  side 
of  the  principal  spillway  will  control  the  spreading  in  the  base 
of  the  embankment. 

Backfill  with  moderately  plastic  fine-grained  materials  placed 
on  the  wet  side  of  optimum  and  compact  to  95/  of  standard  density 


D.  Fmbnr.'.zr.-nt  Desjwn.  The  following  are  recommended: 

1.  Selectively  place  the  plastic  CL  and  ML  borrow  materials  in  the 


I 

i 

i 


3.  Compact  ernbar.kr.'.c-nt  to  a minimum  density  of  95a>  5^a 

4 . Provide  2 l/2:l  over  3:1  upstream  slopes  and  2 l/2:l 
downstream  slopes. 

5.  Provide  an  overfill  of  0.6  foot  across  the  floodplain 
compensate  for  residual  foundation  and  embankment 
settlement. 
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AOOi'Trt'  DESIGN  OAlA  REMARKS 


APPENDIX  VII  - REFERENCES 


Recommended  Guidelines  for  Safety  Inspection  of  Dams,  Dept,  of 
Army,  Office  of  the  Chief  of  Engineers. 

2.  Design  of  Small  Dams,  U.  S.  Department  of  Interior,  Bureau  of 
Reclamation. 


